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APPARATUS AND METHOD OF
STERILIZING CONTAINERS WITH A
CHARGE CARRIER SOURCE INTRODUCED
INTO THE CONTAINERS

FIELD OF THE INVENTION

The present invention relates to a method and an apparatus
for the sterilization of containers, and in particular of plastics
material containers.

BACKGROUND OF THE INVENTION

The sterilization of a container to be filled is, as well as the
actual filling procedure, an essential process step, in particu-
lar in an aseptic filling plant. The possible forms of steriliza-
tion vary with respect to the disinfection agents and the per-
formance of the process. What is common to them all,
however, is the fact that the destroying action is carried out on
the basis of chemical processes. More recent developments
known from the prior art differ from these and make use of
ionizing radiation in order to achieve a reduction in the germs.
In the majority of applications this radiation comprises accel-
erated charge carriers and, in particular, accelerated electrons
which are produced in a corresponding plant and are intro-
duced into the container to be sterilized. The advantage of this
procedure consists in the reduction or avoidance of the use of
chemical substances. Nevertheless these apparatus, however,
have acceleration plants which are in part not yet established
and, as a result, are expensive and, in addition, they have a
relatively complicated circuitry and monitoring. In addition,
on account of the stray radiation which occurs a screen has to
be present around the entire plant or around individual parts
of this plant.

An apparatus for the sterilization of containers is known
from DE 10 2009 008633 Al. In this case the containers are
conveyed along a pre-set conveying path, more precisely
through a treatment room. Here sterilization is carried out by
acting upon the containers with electrons, a sterilization
device of this type having a generating device for generating
the electrons, as well as an accelerating device in order to
accelerate the electrons generated by the generating device in
the direction of the containers present in the treatment room.
In this case a gas pressure inside the treatment room is below
the gas pressure outside the treatment room. It is therefore
suggested that the electrons should be accelerated in a region
which is under a relatively low pressure in order to increase
the reach of these electrons in this way.

The present systems which are available on the market and
which are used for the sterilization have an electron genera-
tion apparatus and a grouping and mechanical solutions to the
transmission of the electron beam into the container to be
sterilized. Expressed more precisely, in the case of these
plants a beam finger is usually introduced into the containers
and the electrons are accelerated through this beam finger in
the direction of an outlet window and they then issue out of
the outlet window and onto the inner wall of the containers. In
order to ensure the effect and transmission of the beam, the
electrons generally have to be accelerated to a high degree.
The acceleration voltage required for this amounts to up to
150 kV. The kinetic energy of the electrons is increased
accordingly and undesired radioactive or X-ray radiation is
produced to the same degree.

A further drawback of previous plants and apparatuses for
the generation of electron beams is the problem of conveying
the electrons from the generator source to the site of opera-
tion. The molecules present in the interspace, which occur in
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the air or in the existing outlet window, obstruct the reach of
electron beams to a significant degree. As a consequence the
acceleration of the electrons has to be adapted, this being a
step which in turn will increase the size, the complexity, the
risk potential and the screening, as well as the costs of the
plant as a whole.

The object of the present invention is therefore to make
available a method and an apparatus which avoid the use of
very high acceleration voltages. In addition, the costs of a
plant of this type for the sterilization of containers should be
reduced as a whole.

SUMMARY OF THE INVENTION

In the case of a method according to the invention for the
sterilization of containers, and in particular of plastics mate-
rial containers, an inner wall of these containers is sterilized
by being acted upon with charge carriers, and in particular
with electrons. To this end a sterilization device is introduced
into the container—in particular through an opening and pref-
erably an mouth in this container. This sterilization device has
a charge carrier generation device.

According to the invention the charge carrier generation
means is introduced into the container at least in part and
generates the charge carriers in the interior of the container.

Whereas in the prior art the charge carriers or electrons are
generated outside the container and are accelerated only into
the container, it is new proposed that the generation or elec-
trons itself should be moved into the container to be sterilized.
The charge carriers are thus now generated only inside the
container. In this way, it is possible to dispense with the
provision of very high acceleration voltages for accelerating
the electrons. Between the electron generation device and the
inner wall of the container it is usual for only very short
distances to have to be covered, so that a high acceleration of
the electrons is not necessary.

In the case of a further preferred method the charge carrier
generation device is introduced into the container in a longi-
tudinal direction of the latter. It is advantageous for the con-
tainers to be moved during the sterilization itself—in particu-
lar in a direction which is different from the insertion
direction of the charge carrier generation device into the
containers. As mentioned above, the charge carriers are in
particular electrons.

In the case of a further advantageous method an under-
pressure (with respect to an atmospheric pressure) is gener-
ated inside the container at least for a time before or during the
sterilization procedure. It is thus possible, for example, for an
electron cloud to be generated inside the container in a rough
or fine vacuum which in turn is present in the container to be
sterilized. In this way, it is possible for the electrons to be
conveyed virtually spontaneously to the corresponding oper-
ating surface. Because of the absence of interfering mol-
ecules, the energy required for this can be applied in an
approximate manner and advantageously even without fur-
ther acceleration voltage. The electrons deactivate cell com-
partments and molecules of the undesired micro-organisms
by ionization on the surface to be sterilized.

In the case of a further advantageous method a pressure,
which is between 0.0005 mbar and 800 mbar, preferably
between 0.0005 mbar and 600 mbar, preferably between
0.001 mbar and 300 mbar, and in a particularly preferred
manner between 0.001 mbar and 100 mbar, is generated in the
interior of the container. With these pressure ratios the elec-
trons have a relatively wide reach, so that, as mentioned, it is
possible to dispense with additional acceleration voltages and
in any case with very high acceleration voltages. The accel-



US 9,078,935 B2

3

eration voltages, if used, are advantageously below 100 kV,
preferably below 50 kV, and preferably below 10 kV.

It is advantageous if the container to be sterilized is a
plastics material pre-form. For numerous reasons, plastics
material pre-forms of this type are particularly suitable for the
sterilization carried out here. On the one hand, they usually
have a cylindrical main body, so that the distance between the
electron generation device and the inner wall of the plastics
material pre-form remains substantially constant along the
longitudinal direction of the plastics material pre-forms. In
addition, the plastics material pre-forms also have a very high
degree of stability and can therefore be acted upon with an
under-pressure. In the case of other containers an under-
pressure of this type could even lead to deformation or implo-
sion of the container.

It would also be possible for the containers to be turned, in
particular about a longitudinal axis, with respect to the charge
carrier generation device during the sterilization procedure or
during the activation of the aforesaid charge carrier genera-
tion device. In this way, a uniform irradiation of the inner wall
of'the containers can be provided even if the electrons are not
discharged uniformly in the peripheral direction. It would
then also be possible for the electrons now to be accelerated in
apreferred direction starting from the generation device. It is
preferable in this case for the containers to be turned, but it
would also be possible for the charge carrier generation
device situated inside the containers to be turned about the
preferred longitudinal axis.

In the case of a further advantageous embodiment the
containers are conveyed along a pre-set conveying path dur-
ing their sterilization. It is advantageous for this to be a
circular conveying path.

In the case of a further advantageous embodiment the
plastics material pre-forms are held on a holding device by an
under-pressure. It is therefore proposed that the plastics mate-
rial pre-forms should be transferred to a holding device,
should then be acted upon with an under-pressure, and should
also be held on this holding device by this under-pressure.

In this context it should be noted that an under-pressure of
this type can optionally also be produced in glass containers,
so that these too are also possibly suitable for the sterilization
described here.

The present invention further relates to an apparatus for the
sterilization of containers, and in particular of plastics mate-
rial containers. This apparatus has a sterilization device
which acts upon an inner wall of the plastics material con-
tainers with charge carriers. In this case the sterilization
device has a charge carrier generation device which generates
the charge carriers.

According to the invention the charge carrier generation
device is designed in such a way that it is capable of being
introduced into the interior of the container.

In contrast to the prior art it is thus also proposed with
respect to the method that the charge carrier generation device
itself should be introduced into the container (and not for
example an outlet window, by way of which highly acceler-
ated electrons can be discharged). It is advantageous for the
charge carrier generation device to be capable of being intro-
duced into the container through an mouth in the latter. In
contrast to the prior art it is thus advantageous for no outlet
window to be introduced into the containers, but the genera-
tion device itself.

In the case of a further advantageous embodiment the
apparatus has a conveying device which conveys the contain-
ers at least for a time during their sterilization. In addition, the
apparatus also has a movement device which introduces the
sterilization or applying device into the container. In this case
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it is possible for the charge carrier generation device to be
moved in a longitudinal direction of the container, but it is
advantageous for the charge carrier generation device to
remain fixed in this longitudinal direction and for the con-
tainer to be moved with respect to it.

In the case of an advantageous embodiment the apparatus
has a rotatable carrier on which a plurality of sterilization
devices are arranged. In the case of a further advantageous
embodiment the apparatus has a pressure application device
which acts upon the containers with an under-pressure. In
particular, also as a result of the use of this under-pressure, the
reach of the electrons in the interior of the containers can be
increased. It would also be possible in many cases, however,
for even a certain sterilization to be possible without the
generation of an under-pressure. In addition, it would also be
possible for not only the containers themselves to be acted
upon with the under-pressure, but [also] the space in which
the containers are conveyed. It is advantageous, however, for
only the interiors of the containers to be acted upon with the
aforesaid under-pressure. In the case of a further advanta-
geous embodiment the apparatus has a deflecting device
which directs the charge carriers in the direction of the inner
wall of the containers. In this way for example, a positive
electrode could be provided outside the plastics material con-
tainers and surrounding these plastics material containers.

In this way for example, a hot cathode could be introduced
into the interior of the containers. In this case if would also be
possible for this hot cathode to be introduced without a glass
flash surrounding it and for the necessary vacuum to be gen-
erated in the container itself. In the case of an advantageous
embodiment the radiation generation device has a first elec-
trical conductor which is capable of being introduced into the
container and of having a current flow through it. As known
per se from the prior art, the electrons are released by the
aforesaid current flow. This can be a tungsten cathode for
example.

In the case of a further advantageous embodiment the
radiation generation device can have a second electrical con-
ductor which is capable of being introduced into the container
and of having a current flow through it. This second conductor
can advantageously be connected in this case parallel to the
first conductor. In this case the design can be such that the
second conductor is activated in the event of failure of the
above-mentioned first conductor capable of having a current
flow through it, so that even in the event of failure of an
electrical conductor the sterilization can be continued.

The present invention further relates to a plant for the
treatment of plastics material containers. According to the
invention this plant has an apparatus of the type defined
above. It is advantageous for the plant also to have an appa-
ratus for shaping plastics material pre-forms into plastics
material containers. In the case of a further advantageous
embodiment the apparatus mentioned above is arranged in
front or the apparatus for shaping plastics material pre-forms
into plastics material containers in the conveying direction of
the plastics material containers. In the case ofa further advan-
tageous embodiment the plant also has a heating device for
heating plastics material pre-forms and in this case this heat-
ing device is arranged in front of the apparatus for shaping
plastics material pre-forms into plastics material containers in
the conveying direction of the plastics material pre-forms.

The apparatus according to the invention can be arranged
in this case between the heating device and the apparatus for
shaping plastics material pre-forms into plastics material con-
tainers in the conveying direction of the plastics material
pre-forms. It is advantageous, however, for the apparatus
according to the invention to be arranged in front of the
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heating device for heating plastics material pre-forms, for
example in front of or in an inlet region of this heating device.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages and embodiments are evident from the
accompanying drawings. In the drawings

FIGS. 1a, 15 are two diagrammatic illustrations to explain
the problem underlying the invention;

FIG. 2 is a side view of an apparatus according to the
invention;

FIG. 3 is a detailed view of an apparatus according to the
invention, and

FIG. 4 is a detailed view of an apparatus according to the
invention in a further embodiment.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1a and 15 are two illustrations to explain the prob-
lem underlying the invention. In this case a charge carrier
generation device is shown 12, which generates charge car-
riers. A plurality of barriers 30a, which are illustrated here by
dotted lines, are present between this charge carrier genera-
tion device 12 and the container 10. By way of example, an
outlet window of a sterilization device, air etc. can thus con-
stitute a barrier of this type. In this way, one of the main
drawbacks of previous plants and apparatus for the generation
of electron beams is the problem of conveying the electrons
from the generator source to the site of operation. The mol-
ecules which are present in the interspace and which occur in
the air or in the existing outlet window, obstruct the reach of
the electron beams to a significant degree.

As a consequence of this, the acceleration of the electrons
has to be adapted, a step which in turn increases the size, the
complexity, the risk potential, the screening and the costs of
the plant as a whole.

In order not to have to implement these adverse factors for
a further electron reach and nevertheless to carry out an
adequate sterilization, it is proposed that steps should be
taken so that the electrons required are conveyed at a smaller
distance from the charge carrier generation source to the site
of operation. This is illustrated in FIG. 15. In this case the
barriers 30a are reduced, so that as a result the electrons have
a greater path to run. The larger arrow P2 as compared with
the arrow P1 illustrates diagrammatically here the larger
number of electrons which arrive at the container 10 or,
expressed more precisely, at the inner wall thereof.

FIG. 2 is a diagrammatic illustration of an apparatus 1
according to the invention. In this case a carrier 8 is provided,
which is rotatable about an axle or by means of a shaft 18 and
on which a plurality of treatment stations or sterilization
devices 2 are present.

In this case the respective containers 10 can be transferred
to the apparatus 1 by means of a gripping device, it being
advantageous for this gripping device to grip the plastics
material containers from the outside and, in particular, below
the carrying rings. After that, the containers are fixed by
means of a holding device. Expressed more precisely, at each
station or sterilization device 2 respectively the container or
the plastics material pre-form can be directed into a suitably
shaped docking region by way of an external gripper of a
conveying star wheel. The reference number 26 designates
diagrammatically a lifting device which for example brings a
plastics material pre-form to the carrier 8 in such a way that
the electron generation device arrives in the interior of plas-
tics material container. It is thus advantageous for the plastics
material container to be moved or turned over in the middle.
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The surface of the neck of the plastics material pre-form is in
contact in this case with a docking region. At the beginning of
setting an under-pressure the external gripper of the transfer
star wheel can still hold the plastics material container and at
an adequate under-pressure (for example 800 mbar or less) it
can release the plastics material container on the external
gripper of the supply star wheel. The plastics material con-
tainer obtained in this way is then irradiated by switching on
the charge carrier generation source.

After a treatment time dependent upon the size of the
pre-form the irradiation procedure is discontinued. This can
be carried out for example by switching off the radiation
current and advantageously the subsequent introduction of
ambient air. With or during the pressure equalization the
plastics material container can again be gripped by an exter-
nal gripper of a removal star wheel. In this case the plastics
material container can also be pulled downwards again so
chat the charge carrier generation device is not damaged.

An optional external disinfection can be carried out by
additional beam emitters, such as for example a surface radia-
tor, which is connected in front of or after the internal treat-
ment means. In addition, an external irradiation of the plastics
material containers during the internal disinfection would
also be possible.

Activation of the sterilization system, i.e. the charge carrier
generation device, can start in this case before or after the
generation of the under-pressure.

FIG. 3 shows an embodiment of an apparatus according to
the invention. In this case too the charge carrier generation
device 12 is again provided, which is used for the sterilization
of'the inside of the container. The reference number 16 relates
to the holding device on which the container 10 is positioned
by under-pressure. The reference number 20 relates to a pres-
sure application device which in this case generates a vacuum
in the interior of the plastics material container 10, in order to
fasten the latter to the holding device 16 in this way. A major
advantage of the apparatus according to the invention arises
as a result of the process as proposed here which requires
comparatively little effort and is comparatively simple. The
stray radiation which occurs is minimal and the energy expen-
diture is also low. The reference number 10a relates to an
inner wall of the plastics material container 10 and the refer-
ence 1054 relates to an opening or mouth in the plastics mate-
rial container 10.

The reference number 32 designates an optional electron
conduction device which moves the electrons in the direction
of the inner wall of the plastics material pre-forms. This
electron conduction device can be designed in this case in the
form of a sleeve which is acted upon with positive charge. In
addition, it would be possible for the electron conduction
device, as indicated by the broken line 34, to be situated in
only one region of the plastics material pre-forms and for the
plastics material pre-forms to be additionally rotated about
their longitudinal direction L.

It was possible to establish that not only is an adequate
sterilization of the containers possible by highly accelerated
charge carriers, but it can be sufficient if the charge carriers
arrive at the (inner) surface of the plastics material pre-forms
or containers 10 respectively. The reference letter I desig-
nates the longitudinal direction of the containers 10.

FIG. 4 shows a further embodiment of an apparatus accord-
ing to the invention. As well as the electrical conductor 22,
which is also present in the case of the embodiment in FIG. 3,
a further conductor 24 is provided here which acts as a
replacement emitter here. This replacement emitter can be
provided in this case parallel to or offset with respect to the
conductor 22. In this case, if a control device ascertains dam-
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age to the first conductor 22, the second conductor 24 can be
activated in order to generate the charge carriers in this way.

In contrast to the apparatus from the prior art, a compli-
cated electron acceleration device and also a transfer path
between the radiator outlet and the container inlet are dis-
pensed with here. In this way, a major difference lies in the
fact that in the proposed invention an electron cloud is used
for sterilization purposes with acceleration voltage not
present or with only minimal acceleration voltage. A number
of'advantages arise in this way. In the first place, the previous
acceleration voltage is dispensed with, as a result of which
there is a saving in energy. In addition, the kinetic energy of
the effect in electrons is reduced and so a reduction in the
X-ray radiation which occurs is achieved. In addition, a high-
voltage generator required for the generation of the accelera-
tion voltage can be dispensed with, and the necessary screen-
ing thickness can also be reduced and the plant can be
simplified in its entirety, in which case a reduction in costs is
also possible.

It is thus preferable for an electron cloud, which is con-
veyed to the surrounding surface of the container with or
without a significantly reduced acceleration voltage, to be
generated in a fine vacuum.

The Applicants reserve the right to claim all the features
disclosed in the application documents as being essential to
the invention, insofar as they are novel either individually or
in combination as compared with the prior art.

LIST OF REFERENCES
1 apparatus
2 sterilization device
8 carrier

10 container

104 inner wall

105 opening in the container

12 charge carrier generation device
16 holding device

18 shaft

22 electrical conductor

24 further electrical conductor

26 lifting device

30q barriers

32, 34 electron conduction device
L longitudinal direction

P1, P2 arrow

The invention claimed is:

1. In the production of a container, a method of sterilizing
an inner wall of the container by action of charge carriers,
which comprises introducing a charge carrier generation
device, comprising an electrical conductor, having an accel-
eration voltage below 100kV by flowing a current through the
conductor, directly into a plastic material pre-form for the
container through an opening in the plastic material pre-form,
and generating charge carriers in an interior of the plastic
material pre-form, wherein an under-pressure of between
0.0001 mbar and 800 mbar, is generated inside the plastic
material pre-form at least for a time before or during the
sterilization procedure, providing an electron conduction
device, in the form of a sleeve which is acted upon with
positive charge, to direct the charge carriers in a direction of
the inner wall of the plastic material pre-form, said sleeve
surrounding the plastics material pre-form both on its side-
wall and also on its bottom region.

2. The method according to claim 1, wherein the plastic
material pre-form is conveyed along a pre-set conveying path
during sterilization.
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3. The method according to claim 1, wherein the plastics
material pre-form is held on a holding device by an under-
pressure.

4. The method according to claim 1, wherein the under-
pressure is between 0.0003 mbar and 600 mbar.

5. The method according to claim 4, wherein the under-
pressure is between 0.001 mbar and 300 mbar.

6. The method according to claim 1, wherein the charge
carriers are electrons.

7. The method according to claim 1, wherein during the
sterilization the plastic material pre-form is turned about a
longitudinal axis with respect to the charge carrier generation
device.

8. The method according to claim 7, wherein the charge
carriers are accelerated in a predefined direction starting from
the charge carrier generation device.

9. The method according to claim 1, wherein the charge
carrier generation device has a first electrical conductor
which is introduced into the plastic material pre-form and has
a current flow through it.

10. The method according to claim 1, wherein the charge
carrier generation device comprises a hot cathode.

11. The method according to claim 10, wherein the charge
carrier generation device comprises a tungsten cathode.

12. The method according to claim 1, wherein sterilizing
treatment time depends upon the size of the plastic material
pre-form.

13. The method according to claim 1, wherein an electron
conduction device, which is in the form of a sleeve which is
acted upon with positive charge, is provided to direct the
charge carriers in the direction of the inner wall of the plastic
material pre-form.

14. The method according to claim 1, wherein the plastic
material pre-form is rotated about its longitudinal axis, and an
electron conduction device, which is acted upon with positive
charge, is provided and situated in only one region of the
plastic material pre-form to direct the charge carriers in the
direction of the inner wall of the plastic material pre-form as
the plastic material pre-form rotates about its longitudinal
axis.

15. The method according to claim 9, wherein the charge
carrier generation device has a second electrical conductor
which is introduced into the container and has a current flow
through it, which is connected parallel to the first electrical
conductor and wherein the second electrical conductor is
activated in the event of failure of the first electrical conduc-
tor.

16. The method according to claim 1, wherein an under-
pressure, which is between 0.005 mbar and 600 mbar, is
generated in the interior of the plastic material pre-form.

17. The method according to claim 1, wherein an under-
pressure, which is between 0.001 mbar and 100 mbar, is
generated in the interior of the plastic material pre-form.

18. The method according to claim 1, wherein the charge
carriers have an acceleration voltage below 100 kV.

19. The method according to claim 1, wherein the charge
carriers have an acceleration voltage below 50 kV.

20. The method according to claim 1, wherein the electrical
conductor is introduced directly into the plastic material pre-
form without a flask surrounding, and the under-pressure is
generated in the plastic material itself.

21. The method according to claim 1, wherein the plastic
material pre-form is held on a holding device by the under-
pressure.

22. In the production of a container formed of plastic
material, a method of sterilizing an inner wall of the container
by action of charger carriers, which comprises introducing a
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charge carrier generation device directly into a plastic mate-
rial pre-form for the container through an opening in the
plastic material pre-form, and generating charge carriers hav-
ing an acceleration voltage below 100 kV in an interior of the
plastic material pre-form, wherein an under-pressure
between 0.001 mbar and 800 mbar is generated inside the
container at least for a time before or during the sterilization
process, providing an electron conduction device, in the form
of'a sleeve which is acted upon with positive charge, to direct
the charge carriers in a direction of the inner wall of the plastic
material pre-form, said sleeve surrounding the plastics mate-
rial pre-form both on its sidewall and also on its bottom
region.

23. The method according to claim 22, wherein an under-
pressure, which is between 0.003 mbar and 600 mbar is
generated in the interior of the container.

24. The method according to claim 22, wherein an under-
pressure, which is between 0.001 mbar and 300 mbar is
generated in the interior of the container.
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25. In the production of a container formed of plastic
material, a method of sterilizing an inner wall of the container
by action of charger carriers, which comprises introducing a
charge carrier generation device directly into a plastic mate-
rial pre-form for the container through an opening in the
plastic material pre-form, and generating charge carriers hav-
ing an acceleration voltage below 100 kV in an interior of the
plastic material pre-form, and drawing an under-pressure
between 0.001 mbar and 600 mbar inside the container at
least for a time before or during the sterilization process,
providing an electron conduction device, in the form of a
sleeve which is acted upon with positive charge, to direct the
charge carriers in a direction of the inner wall of the plastic
material pre-form said sleeve surrounding the plastics mate-
rial pre-form both on its sidewall and also on its bottom
region.

26. The method according to claim 25, wherein an under-
pressure of between 0.001 mbar and 300 mbar drawing in the
interior of the container.

#* #* #* #* #*
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